Learners naturally have different characteristics, preferences, needs, and abilities. Such individual features may affect their academic performance and learning experience. According to Burgstahler (2011) , learner diversity also comprises physical, visual, hearing, sensory, attention, and communication impairments. From a human rights perspective, however, such limitations should not deprive people from equal opportunities in education. According to the United Nations (2006, article 24a), "Persons with disabilities are not excluded from the general education system on the basis of disability, and [that] children with disabilities are not excluded from free and compulsory primary education, or from secondary education, on the basis of disability". As such, direct teaching based on a 'one-size-fits-all' approach cannot successfully accommodate individual differences.
a 'learner-centred' approach by providing multiple means of content representation, knowledge expression, and learner engagement. Moreover, UDL is more inclined to tackle accessibility issues, promote learner inclusion, and keep students together without segregation based on their diverse abilities. In other words, UDL seeks to address learning limitations from a wider perspective, whereas the empirical application of LST takes into consideration the content design only.
Background
The term Universal Design (UD) was coined by Ronald Mace in the 1970's to refer to "the design of products and environments to be usable by all people, to the greatest extent possible, without the need for adaptation or specialized design" (Center for Universal Design, 2015) . Embracing Universal Design (UD) in architecture assists disabled people to use buildings as others and without the need for retrofitting. This framework includes seven basic principles:
 Equitable use: people diversity and ability should be taken into account in the design process.  Flexibility in use: individual preferences and abilities should be served.  Simple and intuitive use: the design should be easily understood regardless of user prior experience and knowledge.  Perceptible information: the design should communicate necessary information effectively to all users irrespective of their ambient conditions or sensory abilities.  Tolerance for error: the design should reduce and minimise risks and errors of unintended actions.  Low physical effort: the design should minimise the required physical effort to be used efficiently and comfortably.  Size and space for approach and use: the design should provide an appropriate size and space irrespective of user's body size, posture, and/or mobility. Other synonyms for 'Universal Design' are 'Inclusive Design' as known in the UK and 'Design for All' as known in the majority of Europe (John Clarkson & Coleman, 2015) . Based on UD concepts, three frameworks have been proposed for designing accessible learning. These are Universal Design of Instruction (UDI), Universal Instructional Design (UID), and Universal Design for Learning (UDL) (Rao et al., 2014) . UDL has been revised over the years to propose UDL 2.0 in 2011 (CAST, 2011) . The Center for Applied Special Technology (CAST) defines UDL as "a framework that addresses the primary barrier to fostering expert learners within instructional environments: inflexible, "onesize-fits-all" curricula. It is inflexible curricula that raise unintentional barriers to learning" (CAST, 2011, p. 4) . CAST argues that "barriers to learning are not, in fact, inherent in the capacities of learners. Instead barriers to learning arise in learners' interactions with inflexible educational goals, materials, methods, and assessments" (CAST, 2015) The UDL evidence-based principles are grounded on the findings of neuroscience, where the human brain activates three main neural networks during any instructional experience (CAST, 2015) . The framework can be divided into two layers: the conceptual layer (three networks) and the implementation layer (three principles). The three networks are defined as follows: organise and express their thoughts and ideas.  Affective network: this represents the 'why' of learning. Different ways can be applied to engage learners and keep them excited and interested. In 2002, CAST researchers theorised a set of three principles in order to correspond to the three learning networks. The key concepts underlying these principles are in adopting multiple means of content delivery, diverse methods of expression and assessment, and different means of engagement (Rose & Meyer, 2002) . These three principles include nine guidelines, and 31 checkpoints to be followed in order to foster this model:
 Provide multiple means of representations: this principle suggests presenting learning content in different ways, for instance, video, audio, text, graphs, and other multimedia. This can provide better opportunities not only for disabled learners, but for others as well.  Provide multiple means of action and expression: most learners do not prefer the exclusive use of exams to assess their understanding and knowledge, because of the restricted time and organisational setting of this measurement. Therefore, asking students to express their knowledge in other formats such as assignments, interviews, short quizzes, scientific papers, and multimedia presentations can reflect their knowledge more effectively than using one measurement.  Provide multiple means of engagement: using only a lecture format may negatively affect learner engagement. Hence, in order to maintain levels of interest during the active-lecture, other strategies can sustain student motivation, for example, delivering learning content by open discussion, Q&A sessions, peer-tutoring, and an applied problem-solving approach. Figure 1 illustrates the main networks and principles of the UDL. The present study is a complementary analysis to the literature reviews conducted by Mangiatordi & Serenelli (2013) and Rao et al. (2014) . These studies examined the soundness of UDL in terms of evidence-based results. In the former review, however, the main limitations pertained to the reliance on abstracts and the usage of solely one database (ERIC, N=80). In the latter, on the other hand, other universal design frameworks such as Universal Design of Instruction (UDI) and Universal Instructional Design (UID) were included, and all reviewed papers were produced between 2005 and 2011. Hence, Rao et al. (2014) recommended that researchers need to carry out another systematic review in order to update their findings and investigate other empirical studies that were not included in their analysis. Accordingly, this research attempts to overcome the limitations of the first study and complement the findings of the second one. It considered full papers, dated from 2012 to 2015, included empirical results, and focused on UDL framework only.
Inclusion Criteria
According to Liyanagunawardena, Adams, & Williams (2013) , different methods can be used to identify relevant work for a review study such as searching in databases and search engines. In order to systematically retrieve relevant papers, we applied the four steps of the method that was suggested by Chekfoung, Lily, & Kecheng (2015) . However, the inclusion criteria and classification themes were adapted in accordance with the aim and nature of this study.
One primary keyword was used to retrieve relevant work which was: "Universal Design for Learning" with quotations. This is to simplify the research and make it repeatable. The ERIC and IEEE Xplore databases, Google Scholar search engine, Science Direct, ACM, and International Review of Research in Open and Distributed Learning (IRRODL) journals were used to obtain peer-reviewed papers. This search was carried out in May 2015. The number of the retrieved papers from these sources is illustrated in Table 1 . Based on the goal of the study, we identified four inclusion criteria:
1. Peer-reviewed papers; 2. Papers with empirical results; 3. Papers that used UDL as a framework; 4. The publication date is from 2012 to 2015. since the aim was not to analyse the abstracts only, but the entire content. Initially, 55 peerreviewed papers were retrieved (after removing duplicated papers N=5). The researchers carefully reviewed the abstracts, conclusions, and skimmed the content in order to select the most suitable papers according to the identified criteria. A total of 17 out of 55 articles were chosen to be reviewed. However, during the review process, 5 papers were also excluded because they did not contain findings from their empirical work, or only proposed a framework that integrated this model. As a result, 12 papers were selected to be included in this review. All papers were analysed in accordance with seven themes. Figure 2 depicts the research strategy and the identified exclusion criteria and analysis themes. 
Results
This study sought to verify the UDL implications on user experience, academic performance, and educational contexts. Moreover, it identified research gaps in the current UDL implementation. Papers were selected in accordance with four criteria, and they were analysed based on seven themes. This section presents the main findings of this review according to the selected themes. The objectives of prior literature were categorised into four groups: (1) Measuring learner perceptions, (2) Performance evaluation, (3) Developing lesson plans, and (4) Exploring curricula alignment to UDL principles either automatically (Smith & Harvey, 2014) or manually (Mavrou & Symeonidou, 2014) . Some studies were designed to measure more than one goal, for example, to investigate the impact of embracing UDL on learner performance and perceptions (Hall, Cohen, Vue, & Ganley, 2015) , learner perceptions and teacher experience (Kumar & Wideman, 2014) , and the synergy between UDL-based teacher training programs and student perceptions (Davies et al., 2012) . Beneficiaries of UDL integration included both learners and teachers, as well as educational institutions. The majority of studies showed that a UDL-inspired course design positively affects user perceptions and/or academic performance. In the study conducted by Hall et al. (2015) , the improvement of learner performance was attributed to UDL application. Coyne et al. (2012) illustrated that successful implementation of UDL can promote the reading comprehension of learners with significant intellectual disabilities. The effectiveness of UDL adoption on student performance with particular disabilities was also indicated by Kennedy et al. (2014) . King-Sears et al. (2015) , however, did not find a significant difference in academic achievement between control and experimental groups, but results did support the positive influence of UDL on learner perceptions. Similarly, a curriculum-based UDL integration was shown to promote learner engagement, satisfaction, and self-efficacy (Davies et al., 2012; KingSears et al., 2015; Smith, 2012) . Hall et al. (2015) noted that disabled learners highly enjoyed using a UDL-based online learning tool to improve reading comprehension. Additionally, He (2014) revealed that fostering UDL through online courses can decrease learner concerns and anxiety, and promote perceived satisfaction. Finally, it was also established that designing a course according to UDL principles can positively affect learning flexibility and success, reduce learning stress, and enhance the social presence of learners (Kumar & Wideman, 2014) .
Furthermore, the specialised programs on UDL instructional design techniques assisted tutors in adapting their teaching strategies to fit all learners, practice their individual teaching experience in diverse ways, and transform their teaching styles for a wide mix of students. Two studies depicted that teachers highly benefited from a UDL-based training programs in order to design and improve curricula accessibility (Courey et al., 2012; McGhie-Richmond & Sung, 2012) .
Other studies supported the positive effect of UDL implementation on both teachers and students (Davies et al., 2012; Hall et al., 2015; Kumar & Wideman, 2014) . Kumar & Wideman (2014) pointed out that a UDL-based course design can promote teacher engagement and reduce their workload because the implementation of UDL can lead students to practicing a 'learnercentred' approach rather than relying solely on the traditional 'teacher-centred' method.
Finally, two papers revealed how educational institutions can benefit from UDL principles in designing flexible and accessible curricula (Mavrou & Symeonidou, 2014; Smith & Harvey, 2014) . Moreover, Kumar & Wideman (2014) established that the required intervention by a disability services department of an educational institution can also be reduced when UDL is applied. It is worth mentioning that the implications of UDL are not limited to a particular discipline. Positive impacts were observed in different disciplines such as psychology (Davies et al., 2012) , language learning (Coyne et al., 2012; Hall et al., 2015; Kennedy et al., 2014) , and chemistry (King-Sears et al., 2015; Kumar & Wideman, 2014) .
Pertaining to sample features, UDL was applied to different learning contexts and for all educational levels, ranging from pre-school children to graduate students. Generally, studies did not entail thorough demographic and background information of subjects. Six experiments provided details about sample disabilities, where ethnicity groups were identified in five studies (Coyne, Pisha, Dalton, Zeph, & Smith, 2012; Courey et al., 2012; Hall et al., 2015; Kennedy, Thomas, Meyer, Alves, & Lloyd, 2014; King-Sears et al., 2015) , age was reported in four studies, and five papers failed to include gender differences. Furthermore, as stated by Davies et al. (2012) , a control group versus an intervention group methodology is an advisable approach in order to compare results and reveal the potential significance of the model. The targeted samples were divided into experimental and control groups in four interventions (Coyne et al., 2012; Davies et al., 2012; Kennedy et al., 2014; King-Sears et al., 2015) . Out of these studies, only King-Sears et al. (2015) failed to establish a significant difference between their academic achievement. Table  2 summarises the detailed background information of the samples. With regard to the geographical location of these experiments, the majority of them were limited to a few countries, with learners who have similar cultural and socioeconomic backgrounds. This analysis showed that nine studies were performed in the USA, two in Canada (Kumar & Wideman, 2014; McGhie-Richmond & Sung, 2012) , and one in Greece (Mavrou & Symeonidou, 2014) . This finding is consistent with the study of Mangiatordi & Serenelli (2013) . In their review, it was found that most empirical studies were conducted in North America, whereas a very small amount of research was performed in other countries (twenty seven in the USA, two in Singapore, one in Australia, and one in Brunei). Thus, we can safely state that the UDL does not seem to be a 'universally' accepted approach.
Different techniques were used to collect data in the reviewed articles. The majority of them relied on a pure quantitative method. In contrast, Mavrou & Symeonidou (2014) used a qualitative design only, whereas a mixed approach was applied in five experiments (Hall et al., 2015; He, 2014; Kumar & Wideman, 2014; McGhie-Richmond & Sung, 2012; Smith, 2012) . Based on the data collection methods, data analysis included either statistical tests for quantitative data or integrating a thematic technique for qualitative analysis. Examples of the used inferential statistical tests are t-test, ANOVA, MANOVA, and MANCOVA.
The advantages of UDL are not restricted to a particular learning mode. However, most interventions took place in a traditional classroom setting (four papers) or blended learning environments (five papers). One experiment examined the model in a synchronous and an asynchronous online setting (He, 2014) . Hall et al. (2015) compared a UDL-based online learning tools with a UDL-based traditional learning modes. Smith & Harvey (2014) , on the other hand, analysed the alignment of online resources in Khan Academy according to UDL principles. The reviewed literature is classified into post k-12 and pre k-12 and chronologically summarised in Tables 4a, 4b , and 5 in order to provide more details about their purposes, samples, methods, and findings. 
Discussion
The present meta-analysis review explored some of the available studies that implemented UDL as a pedagogical framework. Generally, it identified significant findings of UDL application in different learning settings. This may compensate for a major concern that was highlighted in a previous review (Mangiatordi & Serenelli, 2013) . However, the research shows that there are many opportunities and challenges in order to universally validate this framework.
Following the pinpointed inclusion criteria, the initial search of this study indicated that most of the UDL literature presented its theoretical base and importance in the educational practice, whereas only a few studies included empirical investigations.
UDL implications
Implementing UDL in education is a promising solution to minimise learning barriers. Although the amount of UDL empirical research is still in its infancy, as demonstrated in this study and previous meta-reviews (Mangiatordi & Serenelli, 2013; Rao et al., 2014) , the available findings indicate that exerting further effort to foster the UDL framework in curricula design can provide equal learning opportunities for all people.
UDL has increasingly attracted attention in education in order to design, develop, and implement a curriculum regardless of individual abilities (Smith & Harvey, 2014) . This framework can illuminate curricula delivery to a wide mix of learners, encompassing those with disabilities. The reviewed literature indicates that a UDL-based curriculum design reduces learning barriers between able and disabled students. Furthermore, examining the effectiveness of the model on disabled learners showed that UDL-inspired courses do not require special accommodation because learner needs can be considered from the start.
The improvement of learner perceptions represents another advantage of UDL implementation. Students who attended UDL-based courses possessed high satisfaction, positive attitude, and engagement in comparison to other peers. Such beliefs can encourage them to complete their courses successfully or adopt a learning technology.
Furthermore, introducing the model to teachers presents the opportunity of expanding their academic understanding and guiding them in designing more accessible and systematic courses. A UDL-based training program was shown to improve awareness of candidate teachers in developing novel teaching approaches in terms of representing the learning content, engaging students, and assessing their understanding (Courey et al., 2012) . As a consequence, all students can benefit from the variety of instructional and assessment methods and this, in turn, may lead to lesson proficiency.
Findings from this study also reveal that UDL principles can be used as a comprehensive guideline by educationalists as a starting point in developing accessible curricula or for evaluating their current design. Although Khan Academy is a popular library, which offers video integrating closed captioning and audio resources for different disciplines, deep examination revealed that its online resources are not aligned with a wide range of learner abilities (Smith & Harvey, 2014) . Similarly, Mavrou & Symeonidou (2014) successfully used the model for investigating the extent to which 'new national curricula (NNC)' that were developed for the public Greek-Cypriot schools, are adjusted to UDL guidelines. It was concluded that the NNC was inflexibly designed, and neither guided educators to apply multiple means of teaching methods nor provided students with alternative learning modalities. Another important aspect of UDL adoption is its successful application to different disciplines and learning modes. Hence, using UDL principles in online learning may address many barriers that hinder its effective application in contemporary long-distance education such as Massive Open Online Courses (MOOCs). One of the main issues in available e-courses is the universal provision of instructional technique and content irrespective of learner differences, preferences, and abilities. This may be indicated in learner dissatisfaction, disinterest, and dropout from such courses. As presented in this study, successful UDL application can improve learner perceptions and this, in turn, may positively enhance students' willingness to complete their online-based modules. This, on the other hand, does not mean that UDL adoption can address all the obstacles of online learning, however, using multiple means of representation, expression, and engagement can motivate learners to achieve their learning goals more effectively and enjoyably. In the study performed by Hall et al. (2015) , disabled learners in an online treatment achieved significantly higher scores than those in the traditional setting. This supports the conclusion of Liakou & Manousou (2015) that distance learning provides an alternative learning opportunity for people with disabilities. Based on this discussion, in order to provide better learning opportunities for students with and without disabilities, there is a need for further research to align online courses in accordance with UDL principles. In summary, this model represents a promising solution in maximising the benefits of Technology Enhanced Learning (TEL) to a larger audience rather than serving particular learners.
Gaps in Current UDL Research
Regardless of the above discussed potential advantages, there are several gaps and limitations in current UDL application that should be considered.
The first issue is that the validity of UDL on a cross-cultural level remains a concern for researchers. UDL application is limited to a few countries and with samples that are from very similar cultural and socioeconomic backgrounds. As previously highlighted by Mangiatordi & Serenelli (2013) , the majority of empirical studies were conducted in North America, whereas a very small amount of experiments took place in other countries. The present research is in agreement with this argument where 75% of the reviewed studies were performed in the USA. The scarcity of empirical findings to support the model in diverse regions and cultures encourages further research to address this gap.
In addition, the terms "Conformant" and "Compliant" refer to the extent to which a particular instructional design solution embraces UDL. Hence, the extent to which the designed lessons are UDL-compliant were not clearly reported in earlier experiments. Although several studies have described how their lessons embraced UDL, none has explicitly demonstrated how many checkpoints in the UDL guideline have been applied. This outcome is compatible with the findings of Rao et al. (2014) . A more in-depth investigation may reveal that some studies did not evaluate UDL conformance/compliance accurately, and this, in turn, may weaken the reliability of their findings.
Finally, the applicability of the framework is another concern. Empirical research was done or controlled by scholars from educational or psychological backgrounds. This is because instructors from other disciplines are not yet aware of UDL principles. Another reason is that the adoption of all identified checkpoints in the model guideline requires a lot of effort and time. This may explain why its use is limited around the world. According to Kumar & Wideman (2014) , preparing multiple means of representation or grading learner achievement in a UDL-inspired course design requires more time than in traditional courses. Therefore, all reviewed experiments have used the main concepts of each principle as a pedagogical guide to designing a course instead of applying each checkpoint in the guideline.
Recommendations and Future Research Directions
From this analysis, many recommendations for further research are drawn. Firstly, as researchers explore the impact of UDL adoption, obstacles that could hinder its effective implementation should also be highlighted in order to overcome them in future research and fully benefit from this pedagogical framework. Moreover, there is an opportunity to examine the influence of UDL adoption on learning time where previous experiments did not consider this aspect. If learners in an experimental group absorb learning content in less time than in a control group, the model can be supported further. It is furthermore recommended that all necessary information of participants should be identified in order to show the extent to which UDL can address individual learner needs with and without disabilities. In addition, experiments that empirically compare UDL with other inclusive learning frameworks are also encouraged to cast some light on the opportunities and difficulties of adopting each one. Finally, researchers from other countries, and especially developing nations, are highly recommended to embrace this model as a possible solution to promote education systems and, thus, its validity and appropriateness across cultures can be confirmed. However, such adoption cannot be achieved without spreading the philosophy of inclusive education in these countries.
Limitations
Irrespective of the significance of the present work, many limitations have to be highlighted. The first one is that the search for relevant studies was performed only once without repeating it after a specific period. This may indicate that some papers were bypassed or published later. Moreover, only particular databases and journals were used. Consequently, studies that are indexed in other databases were not included. The last limitation is that the only keyword used for the collection of relevant papers was 'Universal Design for Learning'. However, using a combination of keywords may retrieve better results. As such, we highly recommend other scholars integrating a greater range of databases and other keywords to expand the findings of this research.
Conclusion
The traditional teaching approach of 'one-size-fits-all' cannot meet learner diversity in contemporary learning. The main theories that have been developed to overcome the failing of this approach are either accommodating educational content in accordance with individual learner preferences or designing flexible and accessible educational settings, without retrofitting or adaptation. The former can be exhibited in the learning styles theory, whereas the UDL approach represents the latter. The present investigation reviewed some of the prior studies on UDL from 2012 to 2015. This led to the identification of the current trends and gaps in UDL research. Although the examined papers supported the effectiveness of this framework to design accessible learning environments, some limitations in the UDL implementation should also be considered. Moreover, more effort should be put into providing adequate evidence regarding the appropriateness and applicability of UDL, especially in developing countries. This study represents the first step of continuous research in understanding the soundness of UDL application in developing nations. We hope that our future research will constitute a serious contribution to enhancing flexibility and accessibility within higher education for such nations.
